The paper presents a computer program developed for the purpose of objectivisation of children hand dexterity. The program is composed of 6 subtests checking the control of the upper limb joints and the fine finger dexterity needed for mouse control. Measurements have been performed for a sample of 285 children aged from 7 to 15. Clinical standards for particular age groups have been proposed and statistical significance of differences among the corresponding mean values has been shown. A strong correlation of the hand control and age of the subjects has been found.
INTRODUCTION
Progress in rehabilitation requires development of quantitative and objective methods for assessment of the patient abilities and disabilities as well as evaluation of the effects of treatment.
Deficit in the motor functions in the developmental age leads to morphological deformations and is a substantial obstacle in acquiring competency in the activity of daily living, may also cause a disorder of manual skills and even secondary impairment in the posture [1] . Diagnosis of the locomotive system based on objective and comparable quantitative results ensures correct assessment and thus adequate choice of therapeutic methods. A correct diagnosis may determine the effects of treatment and is an inevitable element of monitoring the therapy.
The human hand is capable of complex and precise functions which can be divided into grasping abilities (measured by the strength and quality of grasp) and manual dexterity.
The quality of grasp is the ability to adapt to a given object while the strength of grasp characterises the ability to withstand overload. The quality of grasp is determined by the range of movements in the joints, while its strength by the muscle power.
Manual dexterity is a manual skill requiring coordination of fme and gross movement based on a number of capacities developed through learning and experience. There are two main types of manual dexterity: fine and gross dexterity. Fine dexterity refers to the ability to manipulate objects using the distal part of the fingers. Gross manual dexterity or simply manual dexterity involves less refined and less precise movements of the hand and fingers.
In the last three decades measurement of muscle power of a hand in performing precise and strong grasps has been the subject of intense studies [2] [3] [4] [5] [6] [7] [8] [9] , however, mainly on population of adults. The results were found dependent on the upper limb position during measurements and accuracy of instruction. The standard position [7] was assumed that of the patient sitting down with the hand bent in the elbow at 90 degrees. Dynamometer measurements in this position led to establishment of clinical standards [7, 8] for men and women aged 20 to 75. Measurement of individual muscle strength and joint range of motion gives some idea of what the patient may use his hands for. However, effective substitution patterns and patient motivation cause these tests to become inaccurate sources of information [10] .
As far as evaluation of manual skills is concerned, literature provides many tests: the hand functional test proposed by Jebsen et al. [11, 12] , Nine-Hole Peg Test and Fifty-Hole Peg Test [2] , Motor Assessment Scale [13] based on checking skills in everyday activities [14, 15] , tests checking functioning of upper extremities [16, 17] , fingers and wrist [18, 19] , functional tests [20] being certain modifications of the above. Among the recently proposed methods there are a new Sequential Occupational Dexterity Assessment [21] and an accelerometry-based test [22] , In the latter, the electric signal from a transducer is proportional to the acceleration of the hand movement. The measurement is performed when the patient (a child with cerebral palsy) reaches out for raisins placed on the table and puts them into the mouth. As follows from the short descriptions of the above methods, neither of them has involved hand motor functions for computer control. Until recently, a computer has been used as an aid for dynamometric tests [8] .
Reports on direct application of computer in diagnostics appeared only in recent years. For example dexterity of the elbow joint in post-stroke hemiparesis [23] was assessed by testing the ability to follow an object on the screen performing movements with the elbow.
Unfortunately, no evaluation covers all aspects of hand function so that there is no consensus that any evaluation adequately measures the hand function. As no hand function evaluation is appropriate for all types of patients, clinicians should have a number of functional hand tests at their disposal [24] .
The aim of the study reported in this paper was to work out computer aided tests checking the hand dexterity in children aged from 7 to 15 and to establish clinical standards for three age groups of healthy children taking into account performance of dominant and non-dominant hands.
The tests are based on checking the control of the mouse and performance of a few specific tasks on the screen in time.
TESTS DESCRIPTION
Six tasks have been developed to check manipulation dexterity of the hand -called blocks (in Polish language -klocki), labyrinth (labirynt), ball (piłka), circle (koto), board (plansza) and centres (środki). The program is written in MS Visual Basic 5.0 and operates on PC platform in Windows 95 system. The user interface is worked out in Polish. Fig. 1 presents the starting menu of the application. The idea of the tests is based on the fact that the mouse control requires movements of all joints of the upper limb and on top of that, the isolated movement of the index finger, which is important for finger tip pinch. In the simplest version, used in the study, the mouse moves in the horizontal plane, which does not require rotations in the elbow. However, this restriction can be easily removed by using a table of variable inclination with respect to the horizontal plane. The program-task blocks (Fig. 2) gives on the screen one window and three text fields which give the score, time left to complete the test and test duration. The person tested is asked to arrange colour blocks given in the bottom rectangle in the way shown in the left square. The blocks are arranged by driving the mouse cursor on the block, clicking the mouse and moving the block to a desired place. The block is released with another click of the left or right button, depending on the hand tested. The score depends on the number of correctly positioned blocks. The time of the tasks completion is limited to 120 seconds.
To perform the task labyrinth, whose window is shown in Fig. 3 , the person tested is asked to draw a broken line connecting the human figure with the tree. The task should be completed as quickly as possible and can be performed along a given path. The correctly covered path is shaded, whereas any deviation from the path is signalled by a sound and recorded as a mistake.
The user can continue moving the cursor only having come back to the point at which the mistake was made. The task ball is illustrated in Fig. 4 . The person taking the test is asked to take the ball out of the container, which is performed by driving the mouse cursor onto the left icon. Then the ball should be placed in a similar container on the right side of the screen. The idea is to move the ball as quickly as possible along the shortest possible path. The window shows the scores -the length of the path relative to the shortest possible path as well as the time of moving the ball. The idea of the task called the circle, Fig. 5 , is move the cursor within the ring displayed on the screen to complete a circle. The movement is marked by the shaded area within the ring. The task should be completed as quickly as possible and any deviation from the proper course is recorded as a mistake. To move further on, the user must go back to where the mistake was made. 
SUBJECTS TAKING THE TEST AND METHODS OF MEASUREMENTS
The tests were performed in two elementary schools in Poznań and the subjects were randomly selected children aged from 7 to 15. In general each child performed only 3 tasks with the two hands to eliminate the effects of getting tired and distracted attention. The number of children, divided into groups of healthy subjects and those with disfunctions confirmed by the Psychological and Pedagogical Institutions, is given in Table I . The population of healthy children was greater so a division was made into boys and girls, denoted by the letters M and F, respectively. The number of children with disfunctions is given in the columns M&F*.
Prior to performing the test, the children were instructed about the aim and the methods of approaching the tasks, they could also check the particular applications. The tests were chosen at random to avoid the effect of selection and were performed while sitting down. Each test was performed using the left and the right hands and repeated three times with each hand. Statistical analysis was carried out for the mean results from the three attempts, so for about 3000 data. Each child was asked about contact with computer -if constant and intense the child was qualified to a group of computer-familiar children, otherwise to a group of computer non-familiar ones. 
STATISTICAL ANALYSIS OF THE RESULTS
The experimental data collected have been subjected to statistical processing using the program Instat. It has been established that in the aspect of normality of distribution and uniform variance, the optimum procedure for our data was to transform them to a logarithmic scale. Therefore, the times talked about in the following part of the paper should be understood as natural logarithms of the real times measured in seconds.
The first problem considered was the difference in dexterity between the dominant and nondominant hand. To analyse it, the results obtained for boys and girls in all age groups were considered jointly (in Tables II and III , columns M&F) and subjected to the t-Student test for paired data. The results, shown in Table VI , prove a considerable statistical significance of the differences in dexterity of the dominant and non-dominant hands, usually on the level of P< 0.0001. The descriptive statistics of the results of measurements was performed using a specially prepared computer program. The analysis was performed for three age groups: group I of 7 and 8 year olds, group II including children of 9 to 11 years of age and elder children were in group III. The mean times of tests completion and other characteristics as well as standard deviations were calculated. The times of task completions by the children grouped for each hand, sex, age groups, computer-familiar or non-familiar categories are collected in Tables from II to V. Table V A similar analysis was made to check if the results differ significantly for boys and girls. In groups of younger children, the t-Student test analysis did not reveal significant differences, although with some exceptions specified in Table VII (see the columns M vs F). In the eldest group, the differences for boys and girls were statistically significant in 4 cases.
Another problem considered was the difference between computer-familiar children and others from the population of healthy children. The results of t-Student tests for the dominant hand revealed such statistically significant differences with some exceptions in the group of the youngest children (Table VII, columns C vs N). In the next step we wanted to check the differences in hand dexterity between different age groups and possibly establish clinical standards. The variance analysis of the results for the dominant (Table VIII -RD) as well as non-dominant (Table VIII -RDN) hands proved the statistically significant differences between the average results in all age groups. Therefore, the data given in Tables II and III (Table IX) reveals statistically significant differences in half of the cases. 2) Standard values of natural logarithms of time (in seconds) required to complete particular tests for children from particular age groups have been established.
3) Statistical significance of the differences in mean logarithms of times needed to complete all tests for selected groups of healthy children (healthy in the sense of no disfunctions confirmed by Psychological and Pedagogical Institutions) has been proved.
